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15 SONIC DRILLING 



I, Garrick Ross Johnson of 17 Hanrahan Street, Christchurch, New Zealand, a New 
Zealand citizen, do hereby declare this invention to be described in the following 
statement: 
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Title 2 A JAN 2002 

SonicdriUing RECEIVED 



Background to the invention 

5 Sonic driUing is a technique of driving a mandrel or a pipe into the ground such as 

an earthen formation or into a semi soUd object by creating a vftratory force and applying 
the vibrations generated to the mandreL The vibratory force generaUy consists of strong 
sinusoidal sonic vibrations up to approximately 200Hz which are tuned to or close to the 
resonant frequency of the mandreL The effect of the sonic vibrations is to fluidize a 

10 portion of the earth immediately surrounding the mandrel and when a load is applied to 
the mandrel, the sonic vibration^ wUl fecilitate the passage of the mandrel into the earthen 
formation. The soil surrounding the mandrel does not form part of the resonantly 
vibrating system and instead the particles of the sofl assume a random vibration relative 
to each other and this fluidization will initially fecilitate the passage of the mandrel 

15 through the earth formation, and eventuaUy lead to conq)action of the soil around the 
mandrel when the vibrations are removed- 



Prior art 

Resonant sonic drUling generaUy consists of a driU head which includes a form of 
20 oscillator which can generate longitudinal sinusoidal pressure waves which are 
transmitted to a mandrel which has a drill bit or similar at the free end of the mandrel. 
Various means of generating the pressure waves for appUcation to the mandrel are known 
and one such means is disclosed in US Patent specification 5,417,290 (Barrow). This 
" specification describes a sonic head which includes a pair of eccentric rollers which 
25 revolve at a high speed in a counter rotating direction within orbital races contained in the 
head. The sonic head is fixed to the top of a mandrel and the energy impulses created 
are thereby transmitted to the mandreL 

Other methods of creating and utilising sonic energy for appUcation to a mandrel 
30 are also disclosed in US Patent Specifications 3,375,884 (Bodine); 3,379,263 (Bodine); 
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4,836,299 (Bodine), 4,527,637 (Bodine); 5.549,170 (Barrow); and 5,562,169 (Barrow) 
and WOOl/83933 (Bar-Cohen). 



All of the above devices utilize a mechanical means such as counter-rotating 
5 roUers to generate the sinusoidal pressure waves and as such are prone to an undesirable 
amount of down time because of Actional problems and the high mechanical loading 
inq)arted to the componentry. 

Another method of generating the sinusoidal pressure waves is described in WO 
10 01/83933. The method consists in utilising piezoelectric stack as an actuator for 
generating the vibrations 

Object of tihe invention 

It is therefore an object of this mvention to provide an improved means of 
15 generating sinusoidal pressure waves utilising a high pressure fluid acting directly on a 
piston within a cylinder. 



Disclosure of the invention 

Apparatus for generating sinusoidal pressure waves for application to a mandrel, 
20 said apparatus including a cylinder having an inlet gallery and at least one exhaust 
gallery, said cyhnder housing a work piston which has a body having a radial waU, a first 
land at one end of the piston and a second land at the second end of the piston, the 
cylinder mcluding means whereby fluid under pressure can be ducted from the inlet 
gaUery to a chamber of the cylinder above the first land of the piston and be exhausted 
25 from the chamber below the second land of the piston into the exhaust gallery to 
recq)rocate the work piston within the chamber, the ^paratus also including means 
vviiereby the forces generated by the recqprocatory motion can be transmitted to a 
mandrel 

30 Preferably the cylinder is supported by a rig and the work piston includes a piston 

shaft which is connectable to the mandrel. 
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Preferably the inlet gallery of the piston has an inlet port to enable pressurised 
fluid to enter the gaUery, said inlet gallery communicating with the cylinder chamber 
through a port which terminates at the surfece of the cylinder chamber wall 

Preferably the inlet gaUery extends 360* around the cylinder wall. 



Preferably the body of the work piston includes a first transfer gallery extending 
longitudinally through the body and communicating through the radial wall of Uie work 
10 piston with said inlet gallery for a predetermined time during the reciprocatory movement 
of the. work piston and also communicating with the cylinder chamber through the first 
radial fece of the work piston. 

Preferably the body of the work piston inchides a second transfer gaUery 
15 extending longitudinally through the body and communicating through the radial waU of 
the work piston with said inlet gaUery for a predetermined time during the recq)rocatory 
movement of the work piston and also communicating with the cyUnder chamber through 
the second radial fece of the work piston. 

20 Preferably the cyUnder includes two exhaust gaUeries, wdierein a first exhaust 

gaUery communicates with the cyUnder chamber above the first radial fece of the work 
piston and tiie second exhaust gaUery communicates with the cylinder chamber below the 
second radial fece of the work piston, the first and second exhaust gaUeries including 
outlet ports to enable fluid within the gaUeries to be ducted away fix>m the cyUnder 

25 chamber. 

Preferably the tocation of the opening of the first transfer gaUery in the radial wall 
of the work piston is oflfeet longitudinaUy to tiie opening of the second transfer gaUery in 
the radial waU of the work piston. 
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Preferably the cylinder includes a reUef bore having a first end open to the 
cylinder chamber above the first radial fece of the work piston and having a second end 
open to the cylinder chamber below the second radial fece of the work piston, said bore 
5 including a reciprocaiable reUef piston, the movement of which is determined by the 
movement of fluid into and out of the reUef bore from the cylinder chamber. 

Brief description of the drawings 

Preferred forms of the invention wiU now be described with the aid of the 

10 accompanying drawings wherein: 

Figure 1 is a diagrammatic view, partly in section of the basic form of the sonic 
driU of the present invention. 

15 Figure 2 is a diagrammatic sectional view illustrating a piston within the cylinder, 

the piston being in the neutral positioru 

Figure 3 is a diagrammatic view similar to Figure 2 but illustrating the piston at 
the commencement of a stroke in a first direction 

20 

Figure 4 is a diagrammatic view similar to Figure 2 but Ulustrating the piston at 
the commencement of a stroke in a second direction 

Description of one preferred embodiment of the invention. 

25 As illustrated particularly in Figure 1 of the drawings, the apparatus includes a 

drill head 1 which is positioned above the ground 2 and is suitably supported m a rig (not 
shown ia the drawings) in a manner that will be apparent to those skilled in the art. The 
drill head includes a cylinder 3 on which a ballast weight 4 is mounted. A piston 5 has 
rec5)rocating longitudinal movement within the cylmder and the piston is connected to a 

30 piston shaft 6 which is guided at a first end in a sleeve 7 formed in the ballast weight 4. 
A suitable fluid seal 8 is tocated hi the sleeve to ensure an adequate seal between the 
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interior bf the cylinder and ambient A seal 9 is also located in an end plate 10 to enable 
the piston chamber below the piston to be se^ed from ambient. The piston shaft may be 
hollow to fecilitate the sanq)ling of cores as will be known in the art 



5 The piston shaft 6 bears on or forms part of a mandrel 1 1 or a drill string which as 

iUustrated is partly embedded in the ground 2. Means (not shown in the drawings) as 
will be ^parent to those skilled in the art may also be provided to rotate the drill string or 
mandrel to ensure the integrity of any screwed joints that may be employed in the drill 
string, and also to fecilitate the disassembly of the drill string and the controUed guidance 

10 of the drill string during operation. 

As specifically iUustrated in Figures 2, 3 and 4, the cylinder 3 includes an inlet 
gallery 12 having an inlet port 13 to which a source of high pressure fluid can be 
connected. The cylinder also includes a first exhaust gallery 14 having an outlet port 15 
15 and a second exhaust gallery 16 having an outlet port 17. 

The piston includes first transfer gallery 20 which is open at 21 in the axial fece of 
the piston and which extends longitudinally through the piston to exit at 22 in the land 23 
of the piston. As illustrated, the opening 21 is oflfeet from the longitudinal center of the 
20 piston. The piston also includes a second transfer gallery 25 one end of which is open at 
26 through a port 30 in the axial wall of the piston with the other end being open at 27 in 
the land 28 of the piston. As in the case of the first transfer gaUery 20, the opening 26 of 
the second transfer gallery 25 is of&et from the longitudinal center of the piston an 
equivalent but opposite amount of distance to that of the opening 21. 

25 

The apparatus also includes a fluid by pass which in a highly preferred form 
comprises a bore 36 formed in the cylinder and vMch communicates via a duct 37 with 
the cylinder chamber 38 both above and below the piston 5. A recq)rocating by pass 
piston 40 has free longitudinal movement within the bore 36 and suitable fluid seals 41 
30 are located at either end of the piston 40 to prevent the passage of fluid past the seals. 
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In operation fluid under pressure is diKted to the port 13 and passes into ti^^ 
gaUery 12 which preferably extends 360" around the cyUnder walL When the piston is in 
the position indicated in Figure 3, the pressurized fluid will pass into the first transfer 
gallery 20 as indicated by the arrows and exit through the opening 22 in the axial fece of 
the piston into the chamber 38. At this position the exhaust ports to the gaUery 17 are 
closed whUe the exhaust ports to the gallery 14 are open so that the interior of the' 
chamber above the piston is open to the gaUery 14. It wUl be noted that at all times the 
chamber 38 both above and betow the piston remain open to the . ducts 37 and 
consequently to the bore 36. 



The pressure of the fluid will act on the land 23 of the piston and this wUl cause 
the piston to move in the direction of the arrow A - A. The movement of the piston will 
then incrementally close the openmg of the first transfer gaUery 20 to the inlet gallery 12 
and will incrementally close the cylinder chamber 38 to the exhaust gallery 14. When the 

15 piston has reached a stage whereby both the opening 21 of the first transfer gallery 20 to 
the inlet gaUery 20 is cbsed and the chaniber 38 is closed to the exhaust gaUery 14, fluid 
within the chamber above the piston wiU tend to flow into fhe duct 37 and into the bore 
36. Pressure wUl therefore be exerted on the end face of the by pass piston 40 which wiU 
move in the direction of the arrow. This wUl relieve the pressure in the chamber 38, and 

20 prevent excessive pressure build up in the chamber 38 above the piston, thereby aUowmg 
the work piston to conq>lete its stroke. 

As the work piston continues movement in the direction of the arrow A - A in 
Figure 3, the opening 26 of the second transfer gallery 25 wiU commence to register with 

25 the inlet gaUery 12 and fluid under pressure will flow through the second transfer gallery 
25 and out of the opening 27 in the land 28 of the piston into the chamber 38 above the 
piston. The upward movement of the piston wUl continue until the piston reaches the 
position iUustrated m Figure 4, at which stage the pressure of the fluid entering the 
cylinder chaniber 38 via the opening 27 in the second transfer duct 25 wUl commence to 

30 force the piston back into the second cycle of the operation. 
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The backvsrards and fomards movement of the piston mustrated in Fi^ 
will accordingly automatically continue in conjunction with the resonant spring mass 
system of the driU string as long as fluid under pressure obtains within the inlet gallery 
and the fluid is able to exit from the exhaust galleries 14 and 16. It will of course be 
understood that the inlet and exhaust galleries are preferably joined into a loop into which 
an appropriate pun^) is located to generate the required fluid pressure. 

Depending upon the relative volumes of the component parts and on the pressure 
of the fluid very considerable reciprocating forces can therefore be generated with the 
speed of reciprocation of the piston being dependent not only on the pressure of the fluid 
. but also on the relative timmg of the porting arrangement and also on the resonant 
frequency of the mandrel/drill string. 

It will also be understood that the preferred form of fluid will generally be 
hydraulic or similar oil, but the fluid can also be a gas such as air or steam which is 
suppUed at an appropriate vohmie and pressure by any known pressure generating 
system. One such pressure generating system can for instance be a form of internal 
combustion engine. 

Having described a preferred form of the invention, it will be apparent to tliftse 
skilled in the art that modifications and amendments can be made to the specific preferred 
embodiments and yet still come within the general concept of the invention. All such 
modifications and amend ments are intended to fell within the scope of this invention. 

Nigel West-Walker 




2 S JAN toot Attorney for the applicant 

RECEIVEO 
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